ABSTRACT: Malaria has been in existence since ancient times and for millennia thought to be carried by vapors. Alphonse Laveran made the discovery of the malarial parasite in 1880. The next most important milestone in the history of malaria was the unraveling of the mystery of malaria transmission. Ronald Ross, born in British India and educated as a doctor in England, was working in the Indian Medical Service when he discovered the transmission of malarial parasites by mosquitoes in 1897. The next year, he completed the life cycle of malarial parasites in birds. In celebration of the centennial year of that epic discovery, we reminisce on that event, focusing on the discoverer.
S P E C I A L A R T I C L E
MALARIA is an ancient disease and had been described by Hippocrates as early as 5th century BC. 1 Plato (427 to 347 BC) and Aristotle (384 to 322 BC) had recognized malarial outbreaks during their lifetimes. 2 Galen referred to malaria in his writings in the 2nd century AD, relying on the findings of Hippocrates. 1, 2 The association of malaria and marshes is also ancient knowledge. Lucius Junius Moderatus Columella, a Spaniard scholar of first century AD, had stated, "Buildings, however, should not be built near a swamp because it exudes harmful poison and gives birth to creatures which are armed with menacing stings and fly in dense swarms against human beings. . . From their stings one often acquires occult diseases whose origin is not even known to doctors." 2 For the next 15 centuries, there were no new discoveries in the history and knowledge of malaria. 1, 3 Cinchona bark for the treatment of malaria was discovered in the beginning of the 17th century, and its discovery became the next major advance in the study of malaria.
Several important events in the study of malaria happened toward the end of the 19th century. In the earlier part of the 19th century, morbid anatomists had described the characteristic "melanemia," the brownish malarial pigmentation of the solid organs in the postmortem examinations of the cases of malaria.
3 Alphonse Laveran, a French surgeon working in Algeria, discovered the malarial parasite on November 6, 1880, in the blood of a 24-year-old artillery man. 1, 3 Laveran worked with a microscope of low magnifying power and with unstained preparations. At the time of Laveran's discovery of the malarial parasite, Bacillus malariae of Klebs and TommassiCrudelli was considered to be the cause of malaria. 3, 4 Around the time of Laveran's discovery, Rome had excellent medical institutions and abundant cases of malaria. Camillo Golgi, a Roman physician, described in detail two human malarial parasites, Plasmodium vivax and Plasmodium malariae, in 1886.
1 Marchiafava and Celli, also Italian physicians, described Plasmodium falciparum in 1890. 1, 4 By then, "Lavernity" had become accepted world wide, since several other clinical researchers were able to confirm Laveran's discovery for themselves.
Next, the focus of research of malaria shifted to unraveling the mystery of malaria transmission. The popularly held opinion that malaria was transmitted by air or water was disproved with Ronald Ross' epic discovery of the role of the mosquito as the vector in malaria Centennial Year of Ronald Ross' Epic Discovery of Malaria Transmission: transmission in 1897. 5 On the centennial of that event, we remember that discovery and the discoverer.
Ronald Ross' Early Years (1857-1894)
Ronald Ross was born May 13, 1857, at Almora, a hill station in the Kumoan hills of the Himalayas, 3 days after the Great Indian Mutiny. 6 Ross' father, General Sir Campbell Ross, was then a captain in the British Army and had fought the mutineers. Ross recalls his father to be "a typical soldier, straight, stern, downright and greatly experienced in the fierce campaigns against the war like hill tribes of India . . . Of rights, grievances, and politics he was oblivious; he had no delusions about the equality and liberty of men; and his own watch word was Service-a far nobler thing." 6 Like most ser vicemen's children from British India, Ross was sent to England for health and education in 1865. On completion of his schooling, at 17 years of age, he had to choose a profession. Ronald Ross aspired to be a painter, a composer, a mathematician, a poet, and a novelist. 4 His autocratic father decided that he should become a doctor and join the Indian Medical Ser vice. Although totally uninspired by such a proposition, he accepted his father's wish. He entered St. Bartholomew's Hospital in 1874, hoping for a life of leisure in India on completion of his training. 4, 6 Ross was easily distracted during his medical training. Dallying in his studies, he failed the final examinations. He took an additional 2 years to qualify as a doctor. In 1881, he began his career as a doctor in the Indian Medical Ser vice at the British Station Hospital in Madras.
The job in India was not strenuous. There was plenty of time for leisure, poetry, and mathematics. Although he pursued poetry and mathematics for pleasure, he was aspiring for glory and professional success in both. After 7 years of service, Ross was granted a vacation to visit England. While on vacation, Ross realized his lack of success in poetry and mathematics and began to interest himself in medicine. He took courses leading to a Diploma in Public Health and Bacteriology. Ross also got married during the vacation.
On his return to India, Ross was enthusiastic to try his hand in bacteriology and microscopy. With no knowledge of existing medical literature on malaria, he proposed malarial fevers to be of intestinal origin and thought that Laveran's parasites were misshapen red blood cells. 4 During his next visit to England in 1894, he met his mentor, Sir Patrick Manson. Manson had shown the role of the mosquito in transmission of filariasis while working in South China in 1878. 1, 6 Based on his filariasis experience, he speculated that mosquitoes could play a role in malaria transmission. Manson showed Ross the malarial parasite and encouraged him to research the possibility of malaria transmission by mosquitoes. 6 The Discovery (1895) (1896) (1897) (1898) On his return to India on March 1895, Ross was determined to solve the problem of malaria transmission and prove his mentor's "mosquito theory." Although he had tremendous enthusiasm for his quest, he faced several handicaps. Ross had no formal training in microbiology or microscopy. He was relatively unaware of most of the preexisting malaria literature, except for what he had gathered from his bacteriology course and informal discussions with Manson. Above all, he was totally ignorant about mosquito speciation, physiology, and behavior. 4 Over the next 4 years, Ross was able to overcome all his handicaps and achieve his goal. Ross began by breeding his mosquitoes from lar vae. He had difficulty finding cases of malaria in the hospital, and his colleagues were objecting to his research; hence, he had to get cases from the bazaar (local market) by paying money. The mosquitoes were made to bite the patient and then killed and examined.
His first important observation was made on May 13, 1895. Ross compared the patient's blood and blood from the mosquito's stomach and noted that malarial crescents transformed to spherules and flagella in the mosquito's stomach more often and more rapidly than in the patient's blood. He concluded that the stomach of the mosquito was the natural locus for the "crescent-spherule-flagella transformation." 6 Manson advised Ross to follow the flagellum.
By August 1895, Ross was adopting a new procedure to "follow the flagellum." Mosquitoes fed on malarial patients were kept alive for several days and then their bodies were searched exhaustively, micron by micron, under the microscope, to identify any parasites that might be present. This technique eventually solved the problem. In his pursuit of the flagellum, Ross chanced upon a cyst-like parasite in the mosquitoes called "psorosperms." Presuming the psorosperms to be the cause of malaria, Ross attempted several malariating experiments by making his subjects drink water containing psorosperms, but with no success.
Ross suffered his first major interruption to his malaria work when he was transferred on September 1895 to Bangalore on special sanitary duty to fight a cholera epidemic. The interruption lasted 18 months, but Ross enjoyed the diversion. He wrote in his memoirs: "Great is sanitation-the greatest work, except discovery, I think, that a man can do." 6 While at Bangalore, Ross postulated that malaria may be transmitted by the bites of mosquitoes but did not succeed in malariating subjects by the bite of infected mosquitoes. Though his "bite" experiments failed, he thought that he was not using the right kind of mosquitoes. Leaving Bangalore in March 1897, he resumed his quest in earnest.
On his return to Secunderabad, Ross wrote to Manson on July 27, 1897, "I am of course sticking to the flagellulae again but on a slightly modified principle. Owing to their delicacy I doubt whether they can be directly followed into the insect tissues; but this difficulty can be avoided in a simple manner. The question I have set myself to answer, and which I now feel myself able to tackle is 'Do healthy mosquitoes, fed on malarial blood, contain any parasite which similar mosquitoes fed on normal blood do not contain ?' . . . I keep mosquitoes, after feeding on crescents, for one, two, three . . . days and then examine, so as to allow the flagellulae time, by supposition, to mature into full-grown mosquito-parasites . . . suspicious bodies being noted, I have only to compare with control insects . . ." 6 On August 14, 1897, he wrote to his wife, "I have failed in finding parasites in mosquitoes fed on malarial patients, but perhaps am not using the proper kind of mosquito." 6 Ross had no access to any useful literature on mosquitoes. He had sent specimens of mosquitoes to Manson for zoological classification. 6 While awaiting further information, he had devised a simple taxonomic classification of the mosquitoes. The three types of mosquitoes were gray or barred-back (Culex sp), brindled (Stegomyia sp) and dappled-winged (Anopheles sp). 6 He hired three native men to help find mosquitoes, adults, and larvae. As if the Lord were answering his plea, an "angel of fate" put into the hands of one of his "mosquito men" some larvae that hatched out a different dappledwinged mosquito, with which he began experimenting, hoping for success. 3, 6 On August 16, 10 of the hatched dappledwinged Anopheles mosquitoes were fed on Husein Khan, a malarial patient who had numerous crescents. Husein Khan was compensated by a payment of 1 anna (6 pence) for each bite. Four days later on August 20, while dissecting the seventh mosquito, Ross noticed the appearance of some cells that seemed distinct from the stomach wall cells. They were circular, with a sharp outline, measuring 12 to 16 micron in size and contained a granular black pigment similar to characteristic pigment of malarial parasites. The eighth mosquito of the batch was killed the next day, 5 days after having been fed. Ross noted similar cells in the stomach, but they were larger, suggesting growth between the 4th and 5th day. Ross realized that these cells were malarial parasites that were growing in the mosquito's tissue. He then knew that he had succeeded in his quest and he wrote Later Years Ross retired from Indian Medical Service in 1899 and became a Lecturer at Liverpool School of Tropical Medicine. He spent the next 12 years at Liverpool. He promulgated malaria eradication by mosquito control (Fig  1) . 6, 10 For his endeavors, he was rewarded with the Nobel prize in 1902 and a knighthood in 1911. Ross resigned his job in Liverpool in 1912 and took up private practice in London. During World War I, he became a malaria consultant for the British government. In 1926, Ross was appointed as Director of the newly created Ross Institute and Hospital for Tropical Diseases at London. Despite such laurels, in his later years Ross became embittered and was preoccupied with rewards of research and money. He once wrote, "History tells us that the reapers in science are many-but sowers are few. The only honest way to encourage discovery is to pay the men who achieve it." 11 Ross had a stroke in 1927, and he died in September 1932.
CONCLUSION
For the present-day clinician, malaria remains a serious problem. Attempts to eradicate malaria by elimination of mosquitoes using pesticides seemed promising in the 1950s and 1960s. Currently, we are witnessing a global resurgence of malaria due to emergence of drug-resistant malarial parasites and pesticide-resistant mosquitoes and failure of public health machinery in the parts of the world where malaria is rampant. 12 Perhaps it is at this juncture that we should look back at Ross' discovery, readdress his simple sanitary principles, and make public health endeavors to eradicate the malaria menace.
In this centennial year of Ross' discovery of malaria transmission we would like him to be remembered for his enthusiasm, perseverance, determination, and intellect (Fig 2) . In the annals of history of medicine, Ross' discovery will always remain an important and cherished milestone. 
